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BASIC- ABSTRACT: The organic electroluminescent (EL) device 
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one layer containing at least one kind of benzo [1 , 2 -k : 4 , 5 ' ] 
dif luoranthene 

derivatives, which is sandwiched between a pair of 
electrodes . 

The benzo [1, 2-k: 4, 5-k' ] dif luoranthene derivatives are 
preferably of formula 

(I) . XI - X16 = H, halogen, alkyl (straight, branched or 
cyclic) , alkoxyl 

(straight, branched or cyclic) , or optionally substituted 
aryl . 

USE - As an electroluminescent device. 

ADVANTAGE - The organic electroluminescent device has 
improved" brightness. 
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ORGANIC ELECTROLUMINESCENT DEVICE CONTAIN BENZO DI 
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GO 2 2 
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G029 
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G040 
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H54 3 

H601 
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H603 

H604 
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H642 

H643 
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M114 

M115 
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M125 
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M14 9 

M210 

M211 
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M213 

M214 

M215 

M216 

M220 

M221 

M222 
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M781 
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M903 

M904 

Q454 

Q613 








Ring Index 
07557 

Markush Compounds 

199910-CUC01-K 199910-CUC01-M 199910-CUC01-U 


Chemical Indexing M4 *01* 
Fragmentation Code 

F010 F012 F013 F014 F019 F020 F029 Fill F199 F211 

F299 F431 F499 G000 G001 G002 G010 G011 G012 G013 

G019 G020 G021 G022 G023 G029 G030 G039 G040 G050 

Gill G112 G113 G221 G299 G480 G553 G563 H541 H542 

H543 H601 H602 H603 H604 H607 H608 H609 H641 H642 

H643 M112 M114 M115 M119 M125 M129 M141 M149 M210 

M211 M212 M213 M214 M215 M216 M220 M221 M222 M223 

M224 M225 M226 M231 M232 M233 M240 M272 M280 M281 

M282 M283 M320 M413 M414 M510 M520 M521 M522 M523 

M531 M532 M533 M540 M541 M542 M543 M610 M781 M782 

M903 M904 Q454 Q613 W003 W030 W334 
Ring Index 
07557 

Markush Compounds 

199910-CUC01-K 199910-CUC01-M 199910-CUC01-U 
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[HR3WI13 -ttaWHBfc. ^>V'Q, 2-k:4,5- 
k') iSy/lXyyT-ymmfci'JrZKth lWAim 

[t»*JS2] <yv'(l, 2-k:4,5-k'] y'7;W7yf 

[fl*JR3] <yy"(l, 2-k:4,5-k'3 5/7A*r9 ff- 
**LTO4£fc*l«fc**Ill^l*fcli2lBtt0 



* [11*314 3 -WOMBK. $^>tc. IE?L&A«?jli 
ft*?. 

ft**. 

[tt*3!6 3 ^>-V(l, 2-k:4,5-k'J y7W5yf 
10 [-ft 13 


(1) 


Xn Xifl 


xi ~xi 8 {i*»Ji^. nnrywH-^ mm. * 
ftmtzimv&7)\s*^m. mm. jm&izumw) 

[00013 

[WSoSW-SSfflMHFl *%m±. #«8«#fSft** 
[0 0 023 

[&#?«j3 ff*. «H(W!Hft3l9IS^«. Witf . 
■y ? 7 >f hfriTtfVS+yl^ftSi: tTffifflSilT % fc 

■eft*, aififc:* 1 }. «Me*mt*«Bm*JBv^«« 30 

S#3&ft»* (^Tf8xi/> hn^S + v-fe^ff : 
(SELSfF) #6Kf63*Ut CAppI. Phys. Lett.. 51 . 
913 (1987)3 . MMHt£ft 

BffiBBtm^fcAWEJL (*-;!,) SriiALT, Bttd- 
S-ii-iikKiOJIiiffF (i^fxhy) ££j£§-ti\ z 

tt\ ftfi) «)»3tt*«r8B"C**. £*>J:3 

[00 033 MS££ffl± LT. ISftl 

iLT.flU.tf, h'JX (8-dfyU/5-h) T/WS 

ftSFpj&HiKSfl'O** CJ.AppI. Phys., _65_, 3610 
(1989) ] . 4fc, m.mtLX. MUf. h'X (2- *50 


(#Rtf\ N-^f-^-2-^ h^f^T^U h>-) £y 
V>?> (*$» s P8-67873-t&«) . Lfrbfc*^. 

[00043 

[^JWWftUkdfc'tSSlHJ *$HHtf>§*llli. lift 
S»fc»U ifi^fcfb^4*«I*Wfeft*?*ii« 

[00053 

^fl*^ 

®— ^comtiraiC. O-VCl, 2-k:4,5-k') s^yk*? 

HI^LT***«WWIft* ; f. 

©O'Vtl, 2-k:4,5-k'] y7^*7yf^iiMt 

®<yy[l, 2-k:4,5-k'] y'7W7yf 

IB(D~®^ v v^jWcKtt^WM^Bfc*^ 

®<yV[l, 2-k:4,5-k') ^7;U;t ?yry 

jR« ( 1 ) (^2 ) ?*3ft*fc£W"C**l9E®~« 

[00063 
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Ut2] 



(!) 


4MS4fcliaitt<07/l'*;l4S, Off. #tt4fcli»Rtf> 

[0007] 

im&mmm jmt. *mizmixmmtzmw 

^yVfl, 2-k:4,5-k') ^7/1^7^-f ygSaKfr^fc 

*W?Hfcflte<>'y'tl. 2-k:4,5-k'] 5/7/1^ 
*y>T>m& (BIT. *»OJfcffi*'ft:£*Ai:*« 
*S) fi. Jff*L<tt. ( 1 ) "C*3*i4fc 

[0008] -aw ( i ) xmtii^m^a^x . 

Xi -XisttrtJMFP, Auyyif^ s m % 4HS4fe 
tt«H*<0T/Mf/Ht, CM. #tt*fctt»Rtf>7/l'3* 

L<H\ Xi ~Xu«. i^Q^yJSl 1 (Mi 

If, 7 7*If, WOT*, JWOT?-) ;**R1~1 
6<01I§L ^ifcU»Wto7/WfjP* (mJi\ 
xf-;i^, n-rnt;^ ^fV7°nt;^ s n 
-*rV7*f-/l-£. sec -7'f-/PS. tert-7* 

n -^y^NL 4 v^yf-zi^ ^M-^yf- 
tert— ^yf-;US s i^o^y-frt^, n—N^r 

3, s-^f-^y-f/i/S. v^d^v'/u 

g s n-\7 # -?-/NS, i/^n^i/iMf;H, n-jj- 
n — 7 — ;H=, n-f^i^, n- h'-ri^Hl. n — f 

l 6*>HIL ^MS4fcldWtt^)7;l'3*>« (fflitf. 

*h*ism. xb^f^a. n-7'n^-/i, -Tyro 
jfttFS'S. n-rh^xg, >T77>*5/*, sec -7' 
h^fi^S, n-^yf-zM"* v-S. ^Tj-^yf-^Tf^x 
Sy^o^y^/M^xS. n— <4f S^M^vS. 
3. 3->''*f-A'7>;M-*j/'3£, is9w^*/>V** 

2-xf-;WA > ^x;U^^S. n-yx/M-dfi/g, n 
— ri^M"^ v-SK n-Kf^/^yi. n-f f-7 


* (Witf, 7i-;^; 

[000 9] 2-y<^/l'7xX/l^ 3-^f^7x- 
10 4-^f^7i-/U, 4-xf;i/7i-^i, 
4 - n -7*o f;l^7 x x/Ug, 4 - -f 7 To tVP7 x - 
4-n-7*f7l'7xX;|^£, 4-tert-rf-;>7 

x-;i^> 4--f y^yf-;U7x-;PS, 4-tert-^ 
yf-/k7xx;pg N 4-n-^^yi'7x-;^, 4- 

v-^DA.df v;W7x-;US. 4- n-:fr?f-/P7xX/P 
4-n-fV;P7xX/uai, 2, 3-^f*7i 
x/H5, 2, 4-y>f-A-7xX;U«, 2, 5-s*Xf- 
;P7x-;US. 3, A-i/*^? x-)Vm. 5-4 > 
1, 2, 3, 4-rh7t h"Q-5-7-7f- 
20 /WS. 1, 2, 3, 4-rh7h Ko-6-7"7f-;^ 
2-y< h=*fv7xX;l^ 3-^h^^7i-;l/ 
4-^ h^y7x^H, 3 -Ih^fy7i-* 
4-Xhdf^7x^;l/S > 4-n-7*n^r=Jr>-7x 
4->f y7 s n^^7x-;PS, 4-n-7h 
Jfy7i^;H, 4-n- / <yf-;^^ri^7x-;US. 
4-n- / \df-v;l'5r^v-7x— 4-i'y'n'v*f>- 
/M-^i^xx/HS, 4-n-\7f;W^f5/7i-;P 
S N A-r\—%9j-lV**i/7x.—)l : &. 4-n-r'v- 
/M-^i^xx/ug, 2, 3-x'y* h^i^xXA-a, 
30 2, 5-Wh^y7i-yl/S. 3, 4-^h*^7 
x-;U« s 2-* S-^f-n^xx;^. 3- 

^f-;l^-4-^ h^fj^7x— )Vm. 2-7WD7i- 
3-7;^D7x-;pa s 4-7/M-D7x-/P 
2-?on7xX/Hg„ 3-?D07i^ 4 
-?DD7i-;«, 4-7"Dt 7X-/PS. 4- hi) 

7Wn^f^7a-;H > 3, 4-i/?on7i-;P 
S s 2->f;P-4-7DD7i- I /H, 2-^oo- 
4-.X^-7x-/l'2, 3-?DD-4-^f;l'7i- 
4^£. 2-70n-4-^Ky7ii/«> 4-7x 
40 -/l/7i-;H, 3-7i-;P7i-;H s 4- (4' 
-^f;k7i-;H 7i-;H, 4- (4' -^h^v 
7x-;H 7x-/wa, l-^7^-;PS, 2-^7-f;P 

a, 4-xwy- 1— j-yi-ium. 

—fy+Mk* 1 -^Y*is-2-1-7*)Vm. 2-7 
'J/l'g. 2-fX-;H, 3-f-x^;^, 2-tDiy 
;WS, 3 - f y i/'^a. 4 - tr u 5>A*5rif ) T* 9 , 

50 #4L<tt. jJcJMH 1 . Da»l->-6W7^;l«4fc 
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[ooio] ^mmhit^mAt txit. 9 . ^^offi^ssiR^-cfci^ftttittciffi u\ 

R6-1 Oc7)TU-;PaT"$>0. ^ffitf**®^* li£*i&£HR5£$;h.4fc^4£v*. 
S-ffr&iftL X 7 . X 9 . XiefcitfXia^K^ai— 6* 

1. ^yy(l, 2-k:4.5-k') y7/^7>f> 

2. 3-xf;KyV(l, 2-k:4,5-k') y7/W5yfy 

3. 8-^f-/^yy'(l, 2-k:4,5-k') y7W7yf> 

4. 8-n-^^;^yV[l, 2-k:4,5-k') Vy)V^vVfV 

5. 3-*h*>"<yYlh 2-k:4,5-k'] ^/W^^fV 

6. 3-?oo\yV(l, 2-k:4,5-k') y7;W5yf>' 

7. 8, 17-y^f;K^/(l, 2-k:4 I 5-k'] y7^*7VfV 

8. 3, 1 2-^xfvl^yy*(l, 2-k:4,5-k'] 'Jy^yVf-y 

9. 8, 1 7-^X^/l/^yy*[i, 2-k:4,5-k') y7W7yf> 

10. 8, 17-y-n-rnt°;Ky/(l, 2-k:4.5-k'] y^W^Vf 

y 

[0012] 20 

11. .8, 17-y-n-yf;Ky/(l, 2-k:4,5-k'] ^7/^7^^ 

12. 8, 1 7-^-tert-7^;Kyy'[l, 2-k:4,5-k') j/ # 7;W7yf 

y 

13. 8, 17-y-^Vf;K//(l, 2-k:4,5-k'] y7/W7Vf 

y 

14. 8, 1 7-^-n-^W^yy'(l ( 2-k:4.5-k') y7W7yf 

y 

15. 8, 17-y-n-*?f;K//(l P 2-k:4,5-k') ^yW^^f 

y 

16. 8, 1 7-i/-n-Kf^K^/(l, 2-k:4,5-k'] ^7^*5yf 

y 

17. 7, 9, 16, 1 8-xh7Xf-;l^yy*(l, 2-k:4,5-k') 

yyry 

18. 7, 9, 16, 1 S-fbS-n-yf/Ky/d, 2-k:4,5-k') 

y)V^y yf-y 

19. 7, 9, 16, 18-fb7-n-Mi//Kyy(l, 2-k:4,5-k') 
y7/W7Vf>' 

20. 3, 13, -yXHy^y/d, 2-k:4,5-k i ] y^/W^yfV 
2 1. 8, l'7-y>?<b^^y/(l, 2-k:4,H') y7;W5yfV 

2 2. 8, 17-y-n-7'h^ry<y/(l, 2-k:4,5-k') y'7/W7>f 

y 

23. 8, 1 7-i/-n-^y;^^^/(l, 2-k:4,5-k') 

^yf-y 

24. 3, 12-y7Dn\yy(l, 2-k:4,5-k'] Vy^yyfy 

25. 8, 1 7 -y7;WP<yV(l, 2-k:4,5-k') y7;W7yfy 


[00 13] 


2 6. 8-n-yf^-17-7x-;Ky/[l, 2-k:4,5-k') y7^5 

2 7.. 8, 17-y7x-;Kyy'(l, 2-k:4,5-k') y7W5yfV 
28. 8, 17-^(4' -^^;U7x-^)<yy(l, 2-k:4,5-k'] y'7 
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2 9. 8, 17-^(4* -Xf;l/7x-;l/) OYil, 2-k:4,5-k') *Jy 

3 0. 8, 17-x(4' -tert-7>^7x-7l^) Ky*/[l, 2-k: 4, 5-k' 
3 1. 8. 17-x(4' -n-^f/k7i-;l/K//(l, 2-k:4,5-k' 
3 2. 8, 17-SM4' -^h*x7x^)^y/(l, 2-k :4, 5-k') 

33. 8, 1 7-v (4' -n-7>^rf/7x-^) ^>Y*(1, 2-k:4,5-k' 
) y7/W7yf> 

34. 8, 17-y (4' -n-^>£;l'**>'7x-;H 2-k: 
4, 5-k') y7;W5yfy 

3 5. 8, 17-^(4' -n-fi/W^x-ZK^/d, 2-k: 4, 

5-k') W^vVfV 
3 6. 8, 1 7-5/(4' ~7;^P7x-7l/) <y s /[l, 2-k :4, 5-k') i? 

3 7. 8, 17-^(3' -7;^D7x^) 2-k:4,5-k') 2/ 

7W7>fV 

3 8. 8, 17-;/ (4' -?nn7x-;KW(l, 2-k:4,5-k') is? 
3 9. 8, 17-^(2' -^7^71/) 2-k:4,5-k') £/7/M-7 


40. 8-7x-/l/- 1 7- (3' -^f/P7x^) 2-k:4,5- 

k') y^/W^Vf^ 
4 1. 8-7x-7U- 1 7- (3' -Xb^^7x-;P) ^/(l,' 2-k:4, 

5-k') y7W7yfy 
4 2. 7, 9, 16, 18-fb77x-;KyvU 2-k:4,5-k') iV7;l/ 

43. 7, 9, 16, 18-fh7(4' ->f V7nt>7x^) ^y/ 
[1, 2-k:4,5-k'] y'7W5yfy 

44. 7,9, 16, 18-fb7 (3' -?nn7x»/l/) 2- 
k:4,5-k') y7/W5yf^ 

4 5. 7, 9, 16, 18-rb5x?7l<-8, 17-y'7x^K//(l 

, 2-k:4,5-k') y^/WJ^fy 
46. 7, 8, 9, 16, 17, 7x-;Ky/(l, 2-k:4,5- 

k'] y7W5yf^ 

[0 0 15]*M^^^*A(±. *i*4Mai<0* ^<fctl8^lfe3^^*^SIl3OT*^ 
ffiCffioTW&^SClfc^&i. "Witf. Chera. Be 40 < fcHf^LT*6itf«*4. $BOTfcffiJ&t£ 

r., 126_, 2543 (1993) , Tetrahedron . 20. 1559 (19 it^<DJE^i^^XX/EJ[MM. 1^&A& 

hh, mta. T±+7*]sywmb'<>Yi\, 2- c: mmj&^^t^iEii&xmmm^tzii/^xr/m^ 
4,5-c'] y7^yi^*o^w^^s«^. *kfm*®t m^mm^^^im^xmmm^tmi^tt 

?u^y?(a) T±+7*\'y-2-*>fflmb 1 , fiB. EfLtta»IB*fcl4/t5J:V« : FaEX«1l6. ¥¥9i 
4 -^y-f^M yl§^*^«*S:^JE§^S £ b (c «fc jSWfi&^Sff^r^tli. «3OT36«jE?LaXttiSl*fe 
OWS** CWitf. Synlett . 75 (199 li/iS J:t^*^a^^*atefcS^^^«k^ 

c o o 1 6 ] w&WMtxmwi. a«. -*to*insi* 50 it^waA^/i^s^ii^is^v^^ 
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0>m\t . ^mvmx'h ->xh zmmmxh -oxi>x<. 

[0017] *»^*W-SHft3te»7-(c4JV^. 

mmmttzimm.Mzm^zttf£ w&k. io 

■Wfc3te*?fc*iViTli. *»3Bfcffi*'ffr&ttAU:. #34 

[0018] *f£BJ!<DW««#?Bfc»^$j£k LT 
tt. WfcRSt* tWIii < , Witf, ( A ) Rfi/ 

(01), ( B ) Hffi/jE7Li±AIUii«/^yi/lt© 

( a 2 > , ( c ) ^m/mm/wr wm&m 
/mmm? (® 3 > , < d ) ®m/%m/mmmm 

? (I4)^tW^^tmS. 3 4>fcli, Wt 20 
*£*?SEA«|j^-C^j^^*>aW"C*4 (E) 

aAHSai/liffS*? ( 0 5 ) fc "M- £ k i T# l> . 

(D) SOffflMk SBtifi^t-JBEWT- 

ttt, mtr , ( f > m&jMm&t* ^m^ax 
ihk**»3 ttm^m? ( 0 e > s (go je?l?±a«53M 

IWc«83-£fcitO*? (07 ) , ifcli ( H ) &3ft£ 30 

commmztrnzittzsim? (08) mi. 
[0019] ttmmixn&mrii* ztit>m 

x. m&xmmm. ma. n?&mwszmm 
Witttz'o-thzktfX'th. £tc. tti&vnmn&f- 
iz&^x. m&jjmMbmMbnmt. i?l&a 

T&xmabnmz. m^bm^^xmm^co 

a^**Wt*ikfcT**. J l 3#*U*S«WW& 40 

ftSfDfflj&i. (A)M3^ (B)!!**. (C) 
(E)S*?. <F)S*?\ (G)SfiS?£ 

fcli (H)S!*?T&i5. 3 6fc:#*U<li, (A)S 

( b ) saw. ( c ) saw, < f ) mm?&K 
tt(H)a*FTfc4. 

[0020] *»l*0tfi«*»M9PFi: LTJi, 
Ji\ (01 ) iZTjki- (A) Plff/IEILaEAIiiaMI/IBK 

(01 ) iz&^X. Hi»K. 2I4RML 3(iiE7LaA 
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1 0 

7{i«jgSr*t. 

[002 1 ] *JWBW*||«W63l6*Fli, SK 1 

mtix^&zttfmK. mwLbbxa. wz\m 

*L<, Witt, j*$IT?X*-y?j/-h 

(mm. ^'jxxf/K *y#-**-K jkujw 

I. Sfcfc, fflKfc, W£li\ *5-7-f/U>-«, ft 

[ 0 0 2 2 ] Hffi2 k LTJi, ttlWfttWttO** ^ 

li. mta. A, SA, IS, n^'^h, 
a^v^a, y^v'^A, fytfx?y. mm. fHb 
ffiis, i to (-f ■ r-f v ■ **+r4 K) , jK 

0 , aHE^iteJB*^* £ k * . *fe . PMBi- 

WT, <t l )*Fit<{i, 5-5 0Q/nS«tiitet 

HRt. 5-1 OOOnmilg, J:0fftL<(i, 
1 0-5 0 0 n mfiaEKKg^-i . 
[0023] iE?L&AfiiM«3fi. BW»»tWjEIL <* 

->v) <n&\z®%izi-mffi. axtm^^tvkm. 
mm-rimm^tt^mtti-iMxhi. ie 

Sii:*^**. iE7L?±Afi}^«8tgSr*t item 

it . m&xm txi>£<. hh\ mmmm ixhx 

[0024] *5HB{cfeV^fflV^«^)iE?LaAIHaHi 

IgSrWtl.'f^i: LTtt, h U 7 V-tUT 5 
(Mitf. 4, 4' -t** [N-7X-/W-N- (4" 
->f;l/7x-/H TS7 D t'7i-/K 4, 4' -t* 
X CN-7x-/P-N- (3" -^f-;l^7x-;P) 75 
7] t*7x-;K 4,4' -fX (N-7x-/W-N- 
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(7) 

1 1 

(3" -*Y*i/7x.-)V) 757) t'7x-;k 4, 
4' -t'X CN-7x^-N- ( 1" — t7+)V) 7 
Sy) b'7i-/K 3, 3' -~J^)V-A, 4' -h* 
x [N-7x-;l^-N- (3" -^f;l^7x-;H 7$ 
7] t'7i-;K 1 . l-t'x C4' -( N, N-y 

(4" -^^-;U7x-;U) 7x-M i^D^ 

df-tfy. 9, 10-b*xCN-(4' ->f/L-7x- 
-N- (4" -n-yf^i-^) 757) 7i 

■rvyvv. 3, 8-b'x(N, N-y7x-^rs 

y) -6-7x-;i'7xtyFyi'>, 4-^f-^- 10 

N, N-b"X C4" , 4"'-b'X( N' , N' (4 

-^f^7x^n rsy) h'7x-;i--4-^;i/)7 

— D y ; N , N' -b"X C4- (i^'7x-;l-75/) 7 
x— /lO -N, N' -^'7x-^-l, 3-^75 7^ 
y-l£y. N, N ' -b'X(4- (^7x-;t-75 7) 7 
x— — N, N ' -^7x^-1, 4-y'7S7 / \ 
y-tfy. 5, 5" -b'XC4- (b'X( 4-7f7l-7x 

757) 7i-lW -2, 2' : 5' , 2" 
-f*7xX 1. 3, (y7x^7S 
7) <y-fcfy. 4, 4' , 4" -Mjx (N-#/l^Ky* 20 
>J;P) MJ7x-^7$X 4, 4' , 4" - MIX 

CN- (3"'-^f/l'7x-;H -N-7x-^7S 
J~) Hj7x^7$y. 1, 3, 5-MJX[N- 

(4-y'7x-A'7S/7x-/H 7x-^75y:< 
y-e'y&i:) . ;KUf-:*7xy:BJ:lPe<7)f^ft. sK>j 

- N - b:i/l^/PAy'-;i^ft#J; 9 iff * U \ *f& . 

ffi4ft£ftAtf>M£Ji, JffilXli, 0. 1-4 011 

%mmzmmrz>. 30 

[0025] $fc**4li. jE?Lfc £Vtt7$£Km&* 

*tit>wmmm. m.tm^^^izx'omm^ 
ft. *+?vYywm. zm^mnt^m mm. 

;P7Vy. 7yb7-ty. fb^-fey. truy.-^yi' 
y. ?y-fey. r^^^i^-y. ao^y, fh77x- 
^i^n^y^xy. ^y?7x-;i'y?o'<v^y 

IX 9, 1 0-i^'7x-^7yh7-ty, 9, 10- 40 
h'X(7x-;l/Xf~;H 7yh7-fey. 1, 4 -fx 
(9' -Xrf-—)V7VYy±—)V) ^y-fefy. 4, 4' 
-fx (9" -if^7yh5-b-;H f7x^ 

b^th'i , tH» CWitf. MJX 

y 7;i^5-<7A. fx ( 1 o-ovm 

VJ^-h)^!;^. 2- (2' -bh'n^v- 
7x-/l/) ^y/^Jft/"/^^, 2 - (2' - 
t Hn=3fv7x-7U) ^yV^V-zUOffiiSiS. 4- 50 


^HPFl 0-3 4 0 78 3 
1 2 

h Kndfx7^U^'yoffiiSJi] . x^-;l^<yt^ft 
CMx«'. 1. 1. 4, 4-fh57x-;l/-l, 3- 
/^i/iy. 4, 4' -fX (2, 2-y*7x-;l'b- 

^) t*7x-A0 . ?-?yyf&£ft CflaRJf. n'jy 
l, ?-?yy6. ?vjy7. ^-7i)y30. ?vyy 
106. ?-?>jyi38. ?vyyi5i. ?vyyi 

52. ?-?'Jyi53. ?-?'jy3 07. ?"7Uy31 

l, ?-?yy3i4, ?-?yy334. ?vyy33 
8. ?vyy343. ^vyysoo] . f^yfSSft 
mz.lt. DCMl, DCM2) . Jj-3f*r/yf8#fls 
CtfUtf. -r-i^h-y n . ^yv"^-7y-/H^ft. 
<yy*jj-Jf^ v /-;HS^ft. <yyw srv-/ui» 
ft. f7^'yf^ft. y-^&|gXXT/t4$gft. sK'J- 

x>iJ^^«*. ^U7x^i/yfcJ;t/-?-<7)iS3 
ft. XV7)V*\/>&Z.Uf*:<7)WmW. ^'J7x-l/y 
b'-vyfeiiP^i^ft. *n'7x^i/yt'_i/y 
iUi^ol&Sft. ^'j^-7x-^yf-i^yfc t J:tJ c 

ft. ^Uf-x^^yf^^yfcit/'^fSSft^i:) 2r 

[0026] ^^fflW!HS*3IH t fc:tJV^«» % 

£ftA«0»&{i. #?£L<«3. 0. 0 0 1-99. 99 
Q«*3g|g. J:D»4L<{i. 0. 0 1-9 9. 9 9 
L< 14. 0. 1-99. 9** 

[0027] *5KH(ct5^-cfflv^ifl!W)3l3e«ffi* : rt 

V\ Witf, J. Appl. Phys., 65 . 3610 (1989) . #HB 
¥5-2 1433 2^#tfB«Oj; -5 ^31^2:* 
X b-fL^i: v-'X hft^Hi ( F-A-y h) tX *)ffi&i- 
ZZbh-CZt. *«»!Hfc:ffi*fl:^!ftA*. *xh^ 

{4. ^XF-ft^fcLTfflV^T^fl^ffM-ri.ifct 
T# h . *f6BBtffi6-(k^*A * . v-*X bft-^ft t fC 
fflV^T»5OT*»jSi-6«^. *Xh-(L^fttLT{4. 

t*T - *» 0 Jtf« ft-^l A * . #4 L < 
14. 0. 0 0 l-4 0B4%fI£. X'OmKli. 

o. oi-3oa*%g«. mzmt<it. o. 1- 

[0028] :^EC«&ft£*AfcflWB-*4$ft#tt3" 

am<7) 8-^yyy5 - hEffi^t^t s«3fctt*«r 

M«gftt LTtt. fifOitf, -«W ( a ) — flfcsS ( c ) 
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1 3 

(Q)3 -Al (a) 

(Q h -A 1 -0-L (b) 
(*t>, QM;»ft8-*y"Jy'5-MHa : f**U O 

*tf **R 6-24 ) 
(Q )t -Al-O-Al- (Q )t (c) 

[0029] &%«^fl(f3flctt&flcfflJ: LT«i. ft 

£tf. HJx (8-*yjy5-H t/i-S-^a. h 

>JX (4-^f-^-8-dr7 T^S- 1 ? 

a, mix (5->^-8-dfyjy7-h) 
-^a n mjxo, A-i/x+iv-s-*; vsy- 

Hr^S-^A, h'jX(4, 5-v.Xf7l'-8-* 

8-3-y yy^-h) t^S-^a, t'x (2-y. 

<f-ll>-8-*S VSy-h) (7xSy-b) T/WS- 
•7A, t'X (2-^f-;W-8-^y'jy7-h) (2- 
W7i77-M T/l'S-^A, t'X (2-*f-/l/ 

-8-dpyy/?-M ( 3->f;i/7x/5-h) r 

;t-$->7A, fx (2'-.X*;W-8-*>"Jy'5-H 
(4->f^7zy5-h)7;R-'>A, t'X(2- 

y^w-s-^y yy^-H (2-71-/^1/7 
-m r^s-^ fx ( 2-^^-8-*/ yy 

(3-71-^7177-1^)7^$-^, 

[0030] fx (2-yf-;u-8-^y yy^-h) 

(4-7i-^7x/7-M T/l^S-^A, fx (2 

-yf-^-8-^y yy?-M (2, 3-^yf-^y 
t/I/S-^a, fx ( 2-yf-yi^-8-^f 
yy/7-H (2, 6-^f;i/7i77-f)7;i' 
$->7A s fx ( 2-y-7-;u-8-^y y y?-f) 

(3, 4-y^fil'7xy5-h)7;l'S- , >A. fx 

(2-y^-8-^yyy7-b) (3, 

/P7i/7-h) 7/l/$-<7A, fX(2-^f-;I^-8 
-dfyyy^-h) (3, 5->-*-tert-7*f7l'7xy 

7-h) T/WS^A, fx ( 2->f-;w-8-*/y 

y^-h) (2, 6-y7x-;k7i/7-b)7^S 

-W, fx (2-y.^<-8-*yyy7-M 

(2, 4, 6-b'J7x-^7xy7-h) r;>S-<7 

a, fx (2-^f-^-8-Jfyyy7-h) (2, 

4, 6-h'J^^7xy7-h) T^S-"7A. fx 

(2-y^-8-*yyy7-H (2, 4, 5, 6 

-fS7W7xy7-f-) Trt'i-^ix, fx (2 

-y?-^-8-^y yy^-M d-i-yhy-b) 
t;ps->7A s fx ( 2-yf-;L— 8-^yy 

h) (2-t7b7-M T/PS^A. fx (2, 4 

-^y-f-;i/-8-^yyy7-h) (2-7x-/i^7x 


(8) #1^1 0-340783 

1 4 

y^-M ta-s-^a. fx (2, A-i?xj-)V-s 

-*S ] ) /y-h) (3-7x-/l/7x/7-h)7;l' 

s^a, fx (2, 4-^f-;w-8-#y yy7- 

b) (4-7x-^7xy7-M T/l-S-^A, fx 

(2, 4-Wf;i--8-^y y y7-h) (3, 5- 

y7f;P7x/7-M T^S-^A, fX (2, 4- 

x'y^/w-s-^yyy^-h) (3. 5-^-tert- 

7"f^7x;7-h) T^S-^A, 

[0031 ] fx (2->^;i/-8-^yyy7-h) 
10 r^s-^A-^-^v-tx (2-y^-8-* 

JVJy~Y) T/l^-^A. fx (2, A-'JX^lV 

-8-dfyyy7-h) r^s-^A-ju-^y-f 
x(2, 4-i/y>^-8-^y yy^-H) r;i^5- 
•7A. fx ( 2-yf-;u-4-x^-;i/-8-^yyy7 
-M r/i^-^A-ju-^y-tx (2-y-f-;i^- 

4-X^-8-dfy 'J/7-b) T/I^S-^A, fx 

(2-yf-;p-4-y h^f>—8-^yyy7-h) 7 
-^A-^-jj-^y-fx ( 2-y^;w-4-y h 
^f>—8-^yyy7-h) t^s-^a, fx (2- 
20 yf-/i— 5-x7y-8-*yyy7-M th^-v 
A-//-^-^y-fx ( 2-y^/u-5-^ry-8- 
*yyy7-M 7/1^-^, fx(2-^<f-^-5 
-hy7;^ayf-;p-8-^y yy7-b) r^5- 

<7A-xi-^y-fX {2-*j-)l-5-bV7)VJt 

□yf-;u-8-^yy y^-h) T^$->7A^i:'S:^ 

[0032] m-? f±A«?jS« 5ii, mm^com^m 
xmmz-tmm. tLx^x^titzm^mm-h 
30 mmtti-&fc£mt:tt?z>mThz>, n=F&xmm 

hi. hyx (8-^yyy7-h) t^s-^a. f 
x ( 1 o-<yy*[h) ^yyy^-h) ^y y^A) s 

W>WmW. y'7x^y^i#ft, -hnli7 
£ ) frjp* <ki>l Sfflv »TMt h z t h . * 

40 m£to&tt&to a t flu^m^aAHiM^ss-r s<l 
(cffisft^ftA^w^tt. mi<a. 0 . 1 ~4 om 

^»At*«^«m CWitf, fflEHR* ( a ) ~ 

hr« ( c ) •x&ztmt&M zmix. m^ax 
[0033] mmet ixa. tt*»wt*H»o/hsv^ 

50 a, mm. yf"7A, y^-^A-^f yy7AM. 
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1 5 

yy')^. -fy^A; ;1^t^A, ^-^A. 

4 -yMJ^A. r;i^S-^A s T^S-^A 
-'Jf-^Ai^ 7^5-<7A-#A->"7A£-£ s T)V 

[0 0 34 3 Rl^ti, Clft4><Dm@Ha»£, fifjitf, IK 

t&mmmncottwizM&tf. -mz. 5-1000 
[ 0 0 3 5 3 ^mmmm^m^izaux 

- -y ^vHf f*k y7i -;l-f VOY7 y y&fifiWf 

s>*u mzmt<te. )v-?u>x'hh. -wmm? 

«, flUtf , IE?L^fi?&»fc-*S&*?xy^- 
lEfl&Alft^^fc^-K-^S-li: 

•c t, j: < , lEfi&m&m t mmm ( mm. m, 

itxh^\ -mmm9x.>^\-<?)ttmkLx 
a. -k^ztim (mm. lEK&mmm) mm 

h±Wm.cr>0. 0 1-50M%. #*L<14, 0. 0 
5-3 0tU{, «k'9»*L<{i;. 0. l~2 0Sfi% 

[00363 lETLiiAfftiMIL ftKM. «-?&A«?&« 

o-/P=i-hffi. 5y/Si7 ■ 7*n-fe" 
■y bffi^rif ) t«t 9»R*JBriW-S£ fcfcJ 
Z b #"C* & . Xffllt&C J: 0 . fc#HW4 * 
XSIMlFO&fHi, ttKRj&f-ifcOTIifc^ 

1 0" 5 Torr gJ&WT<0X2T?\ 5 0-4 0 O'CSgJg 

wag (jmnkiik) , -5o~3o o°cm&cr> 


9 ) #H8¥ 10-340783 

1 6 

SKiMFC. 0 . 0 0 5-5 0 n m/sec SSOH^aE 
jST'Hife-r £ Z t m * L v * . Z , IE?L&A«8* 

m. mm. *?wjmjBmnzm. X£tt% a 

0. JE7liiAiS?&JI. ^itTJKSWKO** 

10 [00 37 3 iBSffifliffifc: J: 0 . «-«^»JS"f &«^. 

?LaA^«. «^aAiS5jMffl^#lCffifflL 
;P*;l/^V-^. rtfUT'JU-h. sKU^f-UV, jKU 

^'J75K. tf'.M5h\ rffUTSH-f 5 

20 ^df-t'f f , ifijx-f^7 r-u vfc 
mi. mx>mixi>£<. h&^mmmixh 

[00383 ^^Bfttci 0 . ZMiffli-t liter* 

mi. mn*nwm mm. ^**ry. *??y. 
30 rijy. bwy. dfi/i^y, x^-;i^;y*'y x i-^< 

^f-;l/Xf-/i/^hy x ^f-;MV7*f-yW^hy, v- 
y-n^-9-yy^co^hy^S^, ^?nn^ 
?y, ^dd*/^, fh7?no^?y, ^nni 

^y. MJ^DDX^y, fN7?ooi^y, ?DD 

;k 7°oAV-/k 7'^y-;k ^<y^y-^. ^-9- 

40 J-)V. i/W^+T J-)V. Xj-)l*LUV)l7. Xf- 

tf, Witf. y'7*f/H-f;K ThytFvyyy. 

N, N-^f-;U*^ATS K. N, N-^f-^T-b 

h75h\ l-^f-^-2-toUKy. 1, 

f-;P- 2 - A 5 ^VU yyy, v> f-;l^X^7 If >f 

50 [00393 $. ttw.-th-nmk Lxit. ®i,zm%.-th 
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tWLTii, »fcHsrf*fcO'Cli*<, SBWftSHB 

JTfft £ fc . HRfcli . 0 . 1 ~ 5 0 M%g 
ft. #4L<li. l~3 0fifi%SSO^«JSt'J) 

ft. juyy-mmmmth^. *<nmwz 

JI$#JfctftJiR#fc*tLT (-JHWHlHP&iBfrrft* 
£fcfcL *Jfi^<oe*t«LT) . 5-9 9. 9M% 
SJg. ff*L<«. 1 0~9 9Si%*Ig. ,fcO»SL 

<(±. i5~9oaa«mKfcifts&r6. 

[0040] jEftaAIKSfl; fB&f . *^&A«i&« 
t N 5 nm~5//mgjg£f&g1-&::£##t U*. 

WOTfeflffitfttTOfcl/Ctt, M*.tf. «M 

y. ^'JiXf/k ?K'J#-**-K 
xf-wy, ,-KU7x-Py^^ H) » ftMUfffi (« 

»tt#5x, gggHUfc, ^JKWtft, 

#-C£. flEBBfcttJfttfttmtt. SSrCtiWJl/CiJ: 
[ 0 04 1 ] ifc. LT, flitf. &JS 

SHfcH (mm. BMkr^s-^K) . ^i7 7« 
fltttf, flDS'jy-ffrm xvy?y. 5f*R75ya 
£IWtft£i:t>7*4. Sfefc, ttff, flUtf, HM»i 

[oo42] ^^^awwaafT-ii. HRtc. it 

SBfgiSM^Ht^h LTffiffl£ftft*>\ ^^^Wlifc 
tiSSMHttSe*? k LT fcttffl-f ft £ i: ft . 
WJnttEJi. -HRfc. 2~3 0vsarc*ft. #16 

-fr-fc k'lzm? ft d fc ft . 
[0043] 

[gftfli] jar, mmmizx'oxwnzz^zmMizm 


(10) #^¥10-340783 

18 

Wtft*«. Mil. *WWi£;h.&fcHBJg;&ilftt>S>-Ctt 
WS20 0nmtf)ITO*Jfltfi <Hff) Srtftfttf? 

«t +tt«ffl. r-fehv, x^y-^*fflv^T« 

4, K U V/^/ymW Lfc&, 3R«§S*03S«*^- 
(CffljeLfctt, »»fll*3x 1 0-6 Torr fc«Etfc. 
I TOj8WS±K. 4, 4' -h'X (N-7x 
10 -;l/-N- (3" -^f;l^7x-/H t'7x- 
^S. mmmmO. 2 nm/sec T7 5 nm^)Jf 

( 2-^f-;i^-8-Jfyyy7-b) (4-7x-;i/7 
A>*5>fy (m^t-^mf^i^t^m) z.m%& 

M.%Mfrt>. . 2 nm/sec X'5 0 nmc7)ff 

%lz#m» (ftUtl 0 0 : 0. 5) U L 

fc. at. hux (8-^yyy5-h) r^s->7A 

2: , WiMg. 0 . 2 n m/sec T'5 0 n mc?)ff $ IzMM 
20 L. «^?±A«i^li: Lfc. $4»t-eo±t. v^i^ 
•7^tlgSr. ^*iSft0. 2nm/secT2 0 0nmO 

ws*c«3R# («*iti o : i ) ixmmt t. 

«S*»H«T, 12V<o«a«£E*90nLfci:i*. 5 
5 mA/c m* Otta^aCflfc. »S2 3 5 0c d/m 

[0044] JWtffl2~6 

30 ## 1 «0ft^fttffiffl-tftftb 0 CT^t^W-t 9 

(HWW3 ) . mte&mwi i<wc&m (mm 

4 ) . mmiti&m^2 80ffc^ft (MI0I5 ) 
ft^«»t4 2«0fl:^ft («feM6) SrffifflL^h 
tt. »fe<M 1 KIE««)*ffit J: "J^rMWfHSJKSt?^ 

[0045] JtWl 

#-^l^-&ft$rffiffl«C h'X (2-**^-8- 
Jf/'jy7-H (4-7x-^7x/7-M 
5 0nm<OWStlBiU 

aifiSlfffc^ilLfc. KMI?H^T, 12V 

[0046] Jt«^J2 
50 S^lOft^ftSffifflrftftbOfc. N-^^-2- 
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[0047] 
[SI] 

$11 






(cd/m 1 ) 

(mA/cra' ) 


2 3 3 0 

5 5 


2 3 0 0 

5 4 

35JS0U4 

2 34 0 

5 3 


2 3 5 0 

5 6 


2 3 2 0 

5 5 

IbttMi 

117 0 

8 2 

Jfctt«l2 

15 5 0 

74 


[00483 H*«7 

2 0 0 nmcO I TOSHJ^ (RMi) 20 
Xg«£. x^y-A^fflwCiH 

£H£U:«. Hi^3Xl O- 6 Torr fcJSffLfc. 
t-f. I TOjgHJfflfcLtfc. 4, 4' -t'XCN-7x 
-;l^-N- (3" ->f^7x-;H TSy] t'7i- 
3g*jS£0 . 2 nm/sec T7 5 n mCOJfS fc^S 

*u jEJLaA»auitLfc. acwe. *^>±c. ex 

(2-^f-;l/-8-4fyi)y7-h) (2-7i-/l/7 ■ 

x y ? - r- ) 7/P $ a t 7 30 

S\ »&4jl8*«j&»^ ^SaSO. 2 nm/sec X'5 
onmm^zmm (MftJtl 0 0 : 1 . 0 ) U * 
jWiL/t. <WC, HJX (8-*/yy?-M 7)V 
S~»7A2r, gftfatKO. 2 nm/sec T'5 0nm<7)J¥ 

^♦^AkiB*. l»a*0. 2nm/sec T'20 
OnmiOllJCMi (IfclJtl 0:1) LTUffiJ: 

«ai3IH»T. 1 2V(7)HgS«flES-EPJDL/i 40 
5 8mA/cm2 OTOt^JSilfe. »K2 3 7 
0cd/m 2 c7)S"fe<Ol&7K^5iig$^, 
[0049] ggfflft 8 

JS$2 00nmOITOj§HJH|ffi £^£#7 
xffi££„ 4>tt8HB. 7tby, x?y-/H:fflvv<:j@ 

$> tz U v/*y>&» Lfc« . 3H3«acofflR*;p^- 
fcHjeUfca. If»^3Xl O" 6 Torr fc^SELfc. 
*1\ ITOSHflmSt. 4,4' -h'XCN-7x- 
)V- N- (3" -*j-)V7 x.-)V) 7$y ) t'7x-;HSS50 


«afi*K0. 2nm/sec T'7 5nmcOJ¥$t^« 

u jEJLawuaJitufc. <*vvc\ *<o±k. fx 

( 2-^f-;P-8-^y U/7-h) T)US.^A-u 
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